Medecins Sans Frontieres (MSF) is an international, independent medical nongovernmental organization. One way in which MSF acts to improve patient care is to assist in the identification and development of adapted and appropriate tools for use in resource-limited settings. One strategy to achieve this goal is through active collaborations with scientists and developers, to make some of the field needs known and to help define the medical strategy behind the implementation of new diagnostic tests. Tests used in the field need to be effective in often extreme conditions and must also deliver high-quality, reliable results that can be used in the local context. In this article, we discuss some patient and health care provider needs for human immunodeficiency virus (HIV) load measurement in resource-limited settings. This is just one of the areas in which effective, quality tools are desperately needed, not only by MSF and other international nongovernmental organizations, but also by many other health service providers. We hope that, by clearly defining the needs of patients in MSF clinics-as well as we can assess this-and by explaining why these tools are needed, how they should perform, and how their results can be integrated into a program, we will encourage the development of such tools and hasten their implementation in areas where they are so urgently needed.
tical issues must be addressed, such as sending the sample, receiving the results, and identifying suitable laboratories to perform the testing. A point-of-care (POC) viral load test would help reduce or remove these constraints.
Detection of HIV RNA in infants is usually technically easier than such detection in adults, because viral load is typically very high (1100,000 copies/mL) and the test results do not need to be quantitative. A simple "yes/no" test with a detection threshold of 1000 copies/ mL in whole blood samples has been proposed [3] .
Viral load is also frequently used to monitor treatment efficacy. In well-resourced settings, viral load measurement every 3-6 months is considered to be the standard of care [4] . The information is used to assess treatment efficacy and adherence and to help in the decision about when to switch to a different, more potent regimen. Although, to date, the World Health Organization does not recommend routine use of viral load testing in resource-limited settings, new 2006 guidelines recognize that "CD4 and plasma HIV-1 RNA testing are not luxuries. They are important tools supporting the delivery of optimal care and, in the setting of the public health approach, are invaluable measures of programme monitoring and performance" [5, p 81] .
The best way to use viral load information in a context in which therapeutic options are limited has not been fully determined. In resource-rich settings, treatment involves intensive virological suppressive strategies supported by routine use of viral load measurement and unrestricted access to antiretroviral therapy. Clearly, this strategy is not transposable to resourceconstrained settings. For a combination of financial, logistical, and human resource-related reasons, most settings cannot perform viral load testing at the present time. Current technologies are very expensive and require delicate instruments, cold chain, and stable electricity, which are not available in areas where the majority of the patients reside. Samples can be shipped; the samples must be received rapidly by the reference laboratory, and many countries have few or no laboratories with the ability to perform testing. In many settings, shipping of samples is not possible and is always a logistical challenge. Because of the challenges in implementing the simpler and better characterized dry spot technique for infant diagnosis, shipping of samples for viral load is unlikely to be feasible or widely used. In addition, the lack of human resources to evaluate and provide treatment for the overwhelming number of patients needing HIV care means that services, when available, are often strained to their limit.
However, in the context of patients receiving chronic, lifelong treatment, often in precarious economic, social, or political conditions, which make adherence or program stability challenging [6] , and in settings where therapeutic options are limited, the use of viral load testing is increasingly considered to be critical in establishing whether a patient needs a therapy change [7] . Several monitoring strategies are now being explored that use CD4 + T cell count in combination with clinical and biochemical markers, but these have shown poor predictability of treatment failure. The consensus remains that optimal treatment for patients requires both CD4 + T cell count and viral load measurements [3] . Some researchers have even argued that viral load is of more critical importance than is CD4 + T cell count [8] . Moreover, in settings where human resources are limited, knowledge of a patient's viral load allows the health care provider to perform a "triage," dedicate more time to patients with moderate-to-high viral loads, and refer patients with consistently suppressed HIV RNA to lay counsellors. Patients with elevated viral load early after treatment initiation could be targeted for intensive adherence counselling, preserving the use of the first-line therapy.
Use of viral load testing is further complicated by the limited treatment options available in resource-limited settings. Because viral load tests remain expensive and because of the significantly higher cost of second-line drugs, many programs in developing countries are hesitant to use viral load testing. The use of viral load testing and its integration into patient care is not simple or clear: the number of tests and frequency of testing, the threshold for switching to second-line treatment, and the clinically optimal level of viral suppression need to be analyzed using retrospective cohort data. Care must be taken in designing these studies so that they involve HIV subtypes endemic in the populations, rather than using results of studies performed in other settings or investigating other subtypes.
Viral load testing for adults receiving antiretroviral treatment should not only be seen as addressing when to switch therapy, it should also be considered as a way to decide not to unnecessarily modify a first-line regimen in the context of concomitant infection or CD4 + T cell count decreases, which are usually thought to be poor surrogate markers for treatment failure. Indeed, studies have shown that ∼50% of patients who would have had therapy switched on the basis of CD4 + T cell count and clinical condition (as recommended by the World Health Organization) have, in fact, fully suppressed HIV RNA [3] .
It is generally accepted that viral load testing is especially important in at least 2 situations: (1) to confirm viral suppression in pregnant women to lower the risk of mother-tochild transmission and (2) in diagnosis during infancy in countries with a high prevalence of HIV infection. However, if a simple, low-cost, and reliable viral load test existed that could be used in countries with a high burden of HIV infection, integration of the test into routine patient care would improve the management of HIV infection, and use of the test in other contexts could be broadened.
Existing viral load technologies in resource-limited settings. Because of the level of sophistication required for viral load measurement, most resource-limited settings do not have access to suitable facilities in the locations where they would be most needed. In remote laboratories, setting up, running, and servicing of simplified machines for CD4 + T cell count measurement are already significant challenges, even in provincial hospitals, leaving machines for viral load measurement almost totally absent from routine equipment lists. Because the medical demand for viral load testing for follow-up of patients is increasing rapidly, some facilities choose to contract out the testing to local laboratories that are sufficiently equipped and supported mostly by overseas academic institutions. This has been the case for MSF projects in such countries as South Africa, Cameroon, Cambodia, and Thailand.
Storage and transportation of samples is still a problem, as are delays for answers from overloaded laboratories. Such qualified laboratories are not available in all settings, and for the most part, viral load testing is simply not feasible under existing conditions. In addition to the high prices charged, it is often difficult to obtain precise and reliable information about the quality assurance procedures implemented in many laboratories, and the reliability of the results can be questionable. In- POC tests have the advantage of requiring less laboratory infrastructure, are potentially cheaper, and can be designed to be simple and easy to use and interpret. The quick result and low laboratory burden can help reduce the workload for laboratories and streamline care in settings where large numbers of patients are treated daily. However, in addition to improving the standard of care, a test that can be performed while the patient is at the clinic means that fewer patients are lost to follow-up, and the burden on patients is reduced.
Regardless of the technology solution chosen, the test must perform in local conditions (eg, heat, humidity, dust, and possible lack of laboratory, running water, or electricity) and not be simply imported from resource-rich settings and force-fit to local conditions for want of a better solution. Another important characteristic is that the tools are appropriate to clinical decision making. This means that they deliver a result that is useful for the health care provider to use in making clinical decisions and not results that are ambiguous or unnecessary. Current practice in resource-rich settings is to maintain an undetectable viral load in patients. However, the threshold for undetectable differs depending on the sensitivity of the test used, and the true clinical significance of the viral load information continues to be debated [12] [13] [14] .
The choice of a cutoff value may depend on the clinical use. The threshold chosen for a switch to second-line therapy has to be specific (eg, switch therapy for all those who need it), whereas a threshold to assess good treatment efficacy despite confounding clinical events or shortly after treatment initiation has to be set very low, to detect problems with treatment adherence. In addition, natural variation in the body can result in a peak of viral load in a single test, implying that repeated viral load testing may be required [13, 15, 16] . Viral load testing: programmatic issues. As experience in running HIV programs increases, MSF has identified a number of contexts in which patients' needs should influence the design of testing strategies and technologies. Some of the undecided clinical and operational issues are:
Routine viral load testing or testing triggered by a clinical event or immunological failure How often should the test be performed? This impacts on the workload at the health care facility or clinic and the overall cost of the program and must be determined in conjunction with the medical program How to integrate viral load in the complex algorithm of the decision about when to switch therapy The availability of second-line drugs Where will patients be followed up and where are the tests to be performed? What cost a program can bear relative to the cost of shipping samples or of not offering viral load testing Should viral load testing be performed routinely after initiation of antiretroviral therapy to monitor adherence? Is testing only necessary to assess failure based on clinical or immunological grounds? There is also a crucial but often underappreciated need to prepare the end users and health care systems for emerging tests to ensure good uptake. For example, the introduction of semiquantitative or qualitative viral load testing will require training, information, and follow-up, as well as implementation strategies, pilot projects, and operational research. The development of a test for triage could decrease the time to administration of treatment to the individual patient and significantly reduce the burden on overextended health care systems.
THINKING AHEAD
The international community is well aware of the extent of the HIV epidemic and the urgency for action, and this effort has to be sustained. Can we imagine other models to address this unprecedented global emergency, such as home-based viral load testing, analogous to current diabetes home testing, or community centers with reflex referral? In this reflection, we need to consider the target populations based on the medical needs: how often is testing really necessary? Sustainability is crucial, and solutions that use local resources or develop open-source or adaptable technologies should be favored over commercial solutions. Designing a comprehensive strategy including provision for scale-up, decentralization, and triage would be made significantly easier if such a test was available, even if the test had relatively low sensitivity.
GETTING AHEAD OF THE CURVE
We need to develop technologies to drive better patient care. A POC viral load test is a first step, but we can already aim for a test that would provide not only HIV RNA levels but also the presence or absence of key mutations. Key drug resistance mutations develop when ongoing viral replication occurs under the pressure of drugs. The information provided by such a test will then have a dual purpose if (1) a patient has a detectable HIV RNA level and is infected with virus with a drug resistance mutation (adherence is likely to be good, but treatment is failing), (2) a patient has a detectable HIV RNA level and has no drug resistance mutation (poor adherence), and (3) drug resistance mutations can give information on a more global public health level about which mutations are prevalent in a specific population, with a specific HIV subtype and using specific drugs, and therefore, give information on the usefulness of standardized second-line treatment.
DEFINING THE SPECIFICATIONS AND BUILDING CONSENSUS
We need a broad-based commitment to the development of field-appropriate viral load testing if we hope to develop effective solutions. Developing tests and validating them, as well as ensuring their quality and eventually paying for their manufacture, shipping, and safe and environmentally friendly disposal will take commitment, funding, and collaboration among scientists, medical personnel, national program managers, and all other stakeholders.
CONCLUSIONS
Viral load testing is relevant only if treatments are available and the development of diagnostics and treatments are complementary and crucial. Access to both must also be assured for the optimal long-term management of HIV disease. There is also a need for different tools in different contexts. The specifications of a test are based on the need for a routine test to determine (1) when to switch therapy (eg, higher threshold) and (2) when not to switch therapy (eg, treatment initiation or for assessing adherence when CD4 + T cell count is decreasing). In prevention of mother-to-child transmission programs, the needs may be slightly different: the goal is to maintain an undetectable viral load in the mother or, in the absence of prophylaxis, to diagnose viral infection in the infant (in whom viral load levels are usually very high). A test used to triage patients would be very useful both for individual care and to relieve some of the pressure on overburdened health care systems.
In parallel, we need to strengthen the use of existing sophisticated technologies at upper levels of care. It is important to have access to reference-level facilities in all countries and to support and maintain the technical and technological capacity of health care systems. A sustainable supply of tests and appropriate quality assurance systems are key.
The impact of a test also depends on preparation of the end users to adopt new technologies and the integration of the test result into patient treatment. Sustainability, affordability, environmental impact, and waste disposal are important factors to be considered early in the development of a test.
We can best hope to develop appropriate viral load technologies through a collaborative, integrated approach. However, many of the issues raised here in relation to viral load testing are relevant to the development of field-adapted diagnostic tools and their integration into health care strategies for a number of other diseases.
